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(54) Monitoring method with a CCD imaging device and digital still camera using the same 



(57) A digital still camera of the present invention al- 
lows the user of the camera to monitor a picture being 
picked up by a CCD (Charge Coupled Device) imaging 
device (4) provided on the camera. In a monitor mode, 
a system controller (9) indicates to a timing generator 
(15) one or two or more of a plurality of electrodes form- 
ing a vertical transfer path in the imaging device (4) and 
from which signals should be read out. In response, the 



timing generator (1 5) feeds stored charge transfer puls- 
es to the designated electrodes together with vertical 
drive pulses via a vertical driver (16). The pixels of the 
imaging device (4) are reduced, or thinned, in the verti- 
cal direction. The resulting reduced picture appears on 
a liquid crystal monitor (8) via a signal processing sec- 
tion (5). The user may operate set switches (12) provid- 
ed on the camera in order to select desired electrodes. 
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Description 

The present invention relates to a monitoring meth- 
od using a CCD (Charge Coupled Device) imaging de- 
vice, and a digital still camera using the monitoring 
method. 

Advances in the resolution of digital still cameras 
have recently implemented digital still cameras fitted 
with CCD imaging devices having 1 ,000,000 pixels or 
more. Such advanced digital still cameras include one 
fitted with an interline type CCD imaging device having 
1,300,000 pixels and a mechanical shutter, and one ca- 
pable of reading 1,300,000 pixels of its CCD imaging 
device at the same time. 

However, an increase in the number of pixels of a 
CCD imaging device increases a period of time neces- 
sary for signals to be read out of the imaging device. For 
example, In a conventional digital still camera using an 
interline type CCD imaging device which belongs to a 
400,000 pixels (640H x 480V) class, only 1/30 second 
suffices even when all the pixels are read out at a rate 
of 1/60 sec for one field. However, as for a digital still 
camera with an interline type CCD imaging device be- 
longing to a 1 ,300,000 pixels (1 ,280H x 1,024V) class, 
1/7.5 second is necessary for all the pixels to be read 
out at a rate of 1/15 second for one field. 

With a digital still camera, it is a common practice 
for the user of the camera to monitor the scene being 
picked up via, e.g., a liquid crystal (LC) monitor. At this 
instant, slow switching between consecutive pictures 
would perplex the user. In light of this, a digital still cam- 
era with a CCD imaging device having 1,300,000 or 
more pixels is usually operable either in a shoot mode 
for reading and recording all the pixels or in a monitor 
mode for reading only a part of the pixels. The monitor 
mode allows the user to confirm the angle of view and 
scene to be shot. In the monitor mode, the pixels of the 
imaging device from which signals should be read are 
reduced, or thinned, in the vertical direction so as to pro- 
mote rapid drawing. 

Another problem with the increasing number of pix- 
els of the CCD imaging device is pixel defects including 
white spots, black spots, and dust. The number of pixel 
defects naturally increases with the increase in the 
number of pixels, causing the user to feel unpleasant. 
To solve this probfem, it has been customary to store 
the addresses of pixel defects in a storage beforehand 
and to compensate for, in the shoot mode, the pixel de- 
fects of a picture written to a memory by interpolating 
pixels surrounding defective pixels. In the monitor 
mode, however, a picture read out of the CCD imaging 
device is directly output to a monitor without any com- 
pensation because the above interpolation scheme is 
time-consuming and because the monitor mode is a 
mode to confirm the scene to be shot. As a result, a 
number of defects in the form of spots often appear on 
the reduced or partial picture due to the pixel defects. 
Such defects always appear at the same positions on 



the monitor, obstructing the user's view 

It is therefore an object of the present invention to 
provide a monitoring method with a CCD imaging device 
and capable of drawing on a monitor a picture with a 

s minimum of influence of pixel defects in a monitor mode 
which effects vertical reduction or thinning, and a digital 
still camera using the monitoring method. 

In accordance with the present invention, a moni- 
toring method using a CCD imaging device having a 

10 multiphase electrode structure having a plurality of elec- 
trodes from which photoelectrical ly converted charges 
are output in response to stored charge transfer pulses 
has the steps of selecting one or two or more of the elec- 
trodes capable of minimizing the number of pixel defects 

is in a picture to be monitored while being reduced in the 
vertical direction, and applying the stored charge trans- 
fer pulses only to the one or the two or more electrodes 
selected to thereby output a vertically thinned picture. 
Also, in accordance with the present invention, a 

20 monitoring method using a CCD imaging device having 
a multiphase electrode structure having a plurality of 
electrodes from which photoelectrical ly converted 
charges are output in response to stored charge transfer 
pulses has the steps of switching one or two or more of 

25 the electrodes to thereby produce a plurality of pictures, 
allocating, based on the addresses of pixel defects 
present on the imaging device, the pixel defects to the 
plurality of pictures, totalizing the pixel defects picture 
by picture to thereby determine one picture including the 

30 smallest number of pixel defects, and applying the 
stored charge transfer pulses to one or two or more of 
the electrodes capable of producing the one picture to 
thereby output a vertically thinned picture to be moni- 
tored. 

35 Further, in accordance with the present invention, a 
digital still camera includes a CCD imaging device hav- 
ing a multiphase electrode structure having a plurality 
of electrodes from which photoelectrically converted 
charges are output in response to stored charge transfer 
40 pulses. A selecting section selects one or two or more 
of the electrodes to which the stored charge transfer 
pulses should be applied in a monitor mode. 

Moreover, in accordance with the present invention, 
a digital still camera includes a CCD imaging device 
45 having a multiphase electrode structure having a plural- 
ity of electrodes from which photoelectrically converted 
charges are output in response to stored charge transfer 
pulses. A storage stores pixel defects present on the im- 
aging device in the form of addresses of the imaging 
so device beforehand. A setting section switches one or 
two or more of the electrodes to thereby produce a plu- 
rality of pictures, allocates the pixel defects to the plu- 
rality of pictures on the basis of the addresses of pixel 
defects, totalizes the pixel defects picture by picture to 
ss thereby determine one picture including the smallest 
number of pixel defects, and applies the stored charge 
transfer pulses to one or two or more of the electrodes 
capable of producing the one picture to thereby output 
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a vertically thinned picture to be monitored. 

In addition, in accordance with the present inven- 
tion, a digital still camera as defined above further com- 
prises a controller which causes, when the addresses 
stored in the storage are updated, the setting section to s 
set the electrodes to which the stored charge transfer 
pulses should be applied at the time of monitoring. 

The objects and features of the present invention 
will become more apparent from the consideration of the 
following detailed description of an embodiment of the 10 
invention, given by way of example only.which: 

FIG. 1 is a block diagram schematically showing a 
digital still camera embodying the present inven- 
tion; 15 
FIG. 2 shows a specific configuration of a CCD im- 
. aging device included in the embodiment and im- 
plemented as an interline type CCD image sensor 
having an eight-phase electrode structure; 
FIG. 3 is a timing chart demonstrating the operation 20 
of the imaging device of FIG. 2 for reading all pixels 
constituting a frame at the same time in a full pixel 
reading condition; 

FIG. 4 shows a part of the timing chart of FIG. 3 in 

an enlarged scale; 2s 

FIG. 5 shows potentials on a vertical transfer path 

to appear in the full pixel reading condition; 

FIG. 6 is a timing chart showing the operation of the 

image sensor of FIG. 2 for reading only one-fourth 

of ail the pixels in the vertical direction in a partial 30 

pixel reading condition; 

FIG. 7 shows a part of the timing chart of FIG. 6 in 
an enlarged scale; 

FIG. 8 shows potentials on the vertical transfer path 
to appear in the one-fourth pixel reading condition; 35 
FIGS. 9A-9E show a particular monitoring method 
available with the imaging device shown in FIG. 2; 
FIG. 10 is a flowchart showing a procedure to be 
executed by the embodiment for searching for the 
addresses of pixel defects of the imaging device; 40 
and 

FIG. 11 is a flowchart showing a procedure to be 
also executed by the embodiment for selecting 
electrodes to which stored charge transfer pulses 
should be applied in a monitor mode. 45 

Referring to FIG. 1 of the drawings, a digital still 
camera embodying the present invention is shown. The 
embodiment to be described is capable of selecting, in 
a monitor mode, lines to be omitted in the vertical direc- 50 
tion so as to draw a picture with few pixel defects on a 
monitor. 

As shown in FIG. 1 , the digital still camera includes 
a CCD imaging device 4 implemented by an interline 
type CCD image sensor having photodiodes arranged 55 
in a two-dimensional plane. An optical image is incident 
to the imaging device 4 via a lens 1, an iris 2, and a 
shutter 3. The imaging device 4 transforms the optical 



image to a corresponding analog electric signal and de- 
livers the electric signal to a signal processing 5. For the 
photoelectric transduction, a vertical driver 1 6 and a hor- 
izontal driver 17 each feeds respective drive pulses to 
the imaging device 4. A frame memory 6 for storing the 
signal output from the signal processing 5, a recording 
unit 7, an LC monitor 8 and a system controller 9 are 
connected to the signal processing 5. 

In a shoot mode, as distinguished from a monitor 
mode, the system controller 9 causes the signal 
processing 5 to execute preselected preprocessing with 
the analog signal received from the imaging device 4, 
convert the analog signal to a digital signal, and store 
the digital signal temporarily in the frame memory 6. 
Then, the signal processing 5 executes interpolation 
and other conventional processing with the signal stored 
in the frame memory 6, and delivers the processed sig- 
nal to the recording unit 7. In the monitor mode, the sys- 
tem controller 9 causes the signal processing 5 to trans- 
form the signal read out of the imaging device 4 to, e. 
g., a video signal and deliver the video signal to the LC 
monitor 8. The recording unit 7 records the signal proc- 
essed by the signal processing 5 in a memory card, flop- 
py disk or similar recording medium. The signal output 
from the imaging device 4 in the monitor mode and ap- 
pearing on the LC monitor allows the user of the camera 
to confirm the angle of view and the scene being picked 
up. 

A defective address storage 10, a release switch 
11, set switches 12, a power switch 13, a shutter/iris 
drive controller 14 and a timing generator 15 are con- 
nected to the system controller 9. The defective address 
storage 10 stores the addresses of pixel defects of the 
imaging device 4. The release switch 11 is an auxiliary 
implementation for releasing the shutter 3 held in its set 
position. The set switches 12 are selectively operated 
by the user in order to set desired shooting conditions. 
The shutter/iris drive controller 14 drives the iris 2 and 
shutter 3 in response to commands received from the 
system controller 9. 

The system controller 9 generates, based on shoot- 
ing conditions selected on the release switch 1 1 and set 
switches 12, control information necessary for system 
control. The control information are representative of a 
drive mode (shoot mode, monitor mode or the like), an 
electronic shutter speed, a lens opening, electrodes 
from which signals should be read out in the monitor 
mode, and so forth. Such control information are fed 
from the system controller 9 to the signal processing 5, 
shutter/iris drive controller 14, and timing generator 15. 
The system controller 9 additionally has a function of 
determining, based on data stored in the defective ad- 
dress storage 10, electrodes from which signals should 
be read out in the monitor mode. 

The timing generator 1 5 generates drive pulses for 
driving the imaging device 4 in accordance with the con- 
trol information received from the system controller 9. 
The drive pulses are fed from the timing generator 1 5 to 
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the vertical driver 16 and horizontal driver 17. Further, 
the timing generator 1 5 generates synchronizing pulses 
necessary for system control and signal processing and 
delivers them to the signal processing 5 and system 
controller 9. The vertical driver 16 and horizontal driver s 
17 transfer the drive pulses received from the timing 
generator 15 to the imaging device 4. 

The embodiment shown in FIG. 1 includes the shut- 
ter 3 because the imaging device 4 is implemented by 
an interline type CCD image sensor. The mechanical 
shutter will be needless if the imaging device 4 is imple- 
mented by, e.g., a CCD image sensor allowing all of its 
pixels to be read out at the same time. 

The imaging device 4 will be described specifically 
with reference to FIG. 2. As shown, the imaging device 
4 is an interline type CCD image sensor having an eight- 
phase electrode structure. A number of photodiodes 21 
are arranged vertically and horizontally in a two-dimen- 
sional plane. The photodiodes 21 each are connected 
to a vertical transfer path 22 by a respective read gate 
23. Each vertical transfer path 22 has its bottom con- 
nected to a single horizontal transfer path 24 which is 
connected to an output amplifier 25 at its left end, as 
viewed in FIG. 2. Vertical drive pulses (JVi^vs are a P~ 
plied to the vertical transfer paths 22 while horizontal 
drive pulses 4^ and <t> H2 are applied to the horizontal 
transfer path 24. 

Two different methods are available for reading sig- 
nals out of the imaging device 4., i.e., one which reads 
signals out of all the pixels constituting a frame or one 
which reads signals out of a part of the pixels, e.g. , one- 
fourth of the pixels by vertical reduction or thinning. Gen- 
erally, the full pixel reading method and one-fourth pixel 
reading method are respectively assigned to the shoot 
mode and monitor mode, as stated earlier. 

First, how all the pixels of the imaging device 4 are 
read will be described with reference to FIGS. 3-5. FIGS. 

3 and 4 are timing charts demonstrating the operation 
of the imaging device 4. There are shown in FIGS. 3 and 

4 a vertical synchronizing signal VD, a horizontal syn- 
chronizing signal HD, and the previously mentioned ver- 
tical drive pulses <t> v r<l>v8 and horizontal drive pulses ((> H1 
and <j> H2 . The drive pulses <t>vi-<I>v8 are respectively ap- 
plied to the eight sets of electrodes V1-V8 arranged on 
each vertical transfer path 22. FIG. 4 shows a portion A 
of FIG. 3 in an enlarged scale. FIG. 5 shows potentials 
and the movement of charges on the electrodes V1-V8 
of one of the vertical transfer paths 22; (a)-(1) are rep- 
resentative of the potentials and charges of the elec- 
trodes V1 -V8 at times t1 -t 1 2, respectively, shown in FIG. 
4. 

As shown in FIG. 3, at the beginning of the first field, 
stored charge transfer pulses for turning on the read 
gates 23, FIG. 2, are applied to the sets of electrodes 
V1 and V5 of each vertical transfer path 22 while being 
superposed on the vertical drive pulses <j> vi and 4^5. At 
the beginning of the second field, the stored charge 
transfer pulses are applied to the sets of electrodes V3 



and V7 of the vertical transfer path 22 while being su- 
perposed on the vertical drive pulses tj> v3 and c^yy. The 
read gates 23 turned on by the above transfer pulses 
allow signal charges output from the associated photo- 
diodes 21 by photoelectric transduction to move to the 
vertical transport path 22. 

Subsequently, the vertical drive pulses (frvr^vs are 
repeatedly applied to the electrodes V*1 - V8, respective- 
ly, in order to sequentially transfer the signal charges 
from the consecutive vertical transfer paths 22 to the 
horizontal transfer path 24. Every time the signal charg- 
es are input from each vertical transfer path 22 to the 
horizontal transfer path 24, the horizontal drive pulses 
(h-n and § H2 are repeatedly applied to the horizontal 
transfer path 24. As a result, the signal charges are se- 
quentially transferred from the horizontal transfer paths 

24 to the output amplifier 25. The output amplifier 25 
transforms the signal charges to corresponding electric 
signals. 

For example, assume that the vertical drive pulses 
(|>V1 -<|>V8 having waveforms shown in FIG. 4 are respec- 
tively applied to the electrodes V1-V8 in the first field. 
Then, potentials on the electrodes V1-VB sequentially 
vary from the time t1 to the time tl 2, as shown in (a)-(1 ) 
of FIG. 5. The signal charges moved from the photodi- 
odes 21 to the electrodes V1 and V5 at the time t2 in 
response to the stored charge transfer pulses are se- 
quentially transferred to the associated horizontal trans- 
fer path 24. The signal charges reaching the horizontal 
transfer path 24 at the time t12 are transferred to the 
output amplifier 25 by the horizontal drive pulses (> H1 
and <J>H2 repeatedly applied to the path 24 from a time 
t1 3. It is to be noted that at the time t4 the signal charge 
from the electrode V5 has not reached the horizontal 
transfer path 24 yet, and therefore the output amplifier 

25 produces no signals in spite of the repeated applica- 
tion of the drive pulses (|> H1 and <t> H2 to the path 24. 

As stated above, to read all the pixels constituting 
a frame, the output amplifier 25 produces the signals 
transferred from the electrodes V1 and V5 in the first 
field, and then produces the signals transferred from the 
electrodes V3 and V7 in the second field. Consequently, 
all the signals (pixels) are read out in a single frame pe- 
riod. 

Reference will be made to FIGS. 6-8 for describing 
the operation of the imaging device 4 by the one-fourth 
pixel reading scheme mentioned earlier. FIG. 6 is a tim- 
ing chart demonstrating the operation of the imaging de- 
vice^ FIG. 7 shows a portion B of FIG. 6 in an enlarged 
scale. FIG. 8 shows potentials on the individual vertical 
transfer path 22. In FIGS. 6-8, the same components as 
the components shown in FIGS. 3-5 are designated by 
identical references. 

As shown in FIG. 6, at the beginning of each of the 
first and second fields, the stored charge transfer pulses 
for turning on the read gates 23 are applied only to the 
set of electrodes V1 of the vertical transfer paths 22 
while being superposed on the vertical drive pulses 4>yi 
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The read gates 23 turned on by the above transfer puls- 
es transfer signal charges output from the associated 
photodiodes to the electrodes V1 of the vertical transfer 
paths 22. Subsequently, the vertical drive pulses <J> V1 - 
<(> V8 and horizontal drive pulses 4> H1 and (j> H2 are repeat- 5 
edly applied to the electrodes V1-V8 and horizontal 
transfer path 24, respectively, as in the full pixel reading 
scheme. Consequently, the signal charges are sequen- 
tially transferred to the output amplifier 25 and trans- 
formed to electric signals thereby. 10 

For example, assume that in the first field the verti- 
cal drive pulses <|>V1-<|>V8 having waveforms shown in 
FIG. 7 are respectively applied to the electrodes V1-V8 
of the vertical transfer path 22. Then, potentials on the 
electrodes V1-V8 sequentially vary at times t1-t20, as is 
shown in FIG. 8, (a)-(t). Therefore, the signal charge 
moved from the photodiode 21 to the electrode V1 by 
the stored charge transfer pulse is sequentially trans- 
ferred toward the horizontal transfer path 24. The signal 
pulses transferred from the vertical transfer paths 22 to 20 
the horizontal transfer path 24 are transferred to the out- 
put amplifier 25 by the horizontal drive pulses <J> H1 and 
<t>H2 repeatedly applied from a time 121 , and output from 
the amplifier 25 in the form of electric signals. 

As stated above, in the one-fourth pixel reading 2s 
scheme using vertical reduction, signals transferred 
from the electrodes V1 field by field are output from the 
output amplifier 25, but no signals are transferred to the 
amplifier 25 from the other electrodes V3, V5 and V7. 
As a result only one-fourth of the pixels are read out. 30 
Of course, signals may be read out of any one of the 
electrodes V3, V5 and V7 other than the electrodes V1 . 
Assume an interline type CCD image sensor having a 
four-electrode structure, i.e., the image sensor of FIG. 
2 from which the electrodes V5-VB are omitted. With this 35 
kind of image sensor, it is possible to read signals out 
of one-half of its pixels, i.e., either one of odd lines and 
even lines. 

A decrease in reading time achievable with the one- 
fourth pixel reading scheme is as follows. Assume that 40 
signals are read out of a CCD image sensor whose 
number of valid pixels belongs to a 1.280H x 1,024V 
class. Then, the number of pixels in the horizontal direc- 
tion is generally the sum of 1,280 valid pixels, fifty OB 
(optical black) pixels, and thirty dummy pixels, i.e., 1,360 45 
pixels in total while the horizontal blanking period for ap- 
plying vertical drive pulses corresponds to about 400 
clocks (KLC). Therefore, assuming that the image sen- 
sor is driven at a frequency of 14.3 MHz, then a period 
of time necessary for the horizontal reading is 1 HD = 50 
1,760 KLOs-14.3 MHz = 123 usee. On the other hand, 
the number of lines in the vertical direction is generally 
the sum of 51 2 valid lines, ten OB lines and three dummy 
lines, i.e., 525 lines in total. Because idle transfer and 
the vertical blanking period for applying horizontal drive 
pulses need about 10H, a period of time necessary for 
the vertical reading is 1VD = 533 HD = 65.8 msec = 1/15 
sec. 



As for the full pixel.reading scheme implemented by 
frame drive, the reading time is 2VD= 1/7. 5 sec. By con- 
trast, the reading time is 1/15 sec for the one-half pixel 
reading scheme using vertical reduction or 1/30 sec for 
the one-fourth pixel reading scheme also using vertical 
reduction; such a reading time is far shorter than the 
reading time necessary for the full pixel reading scheme. 
For this reason, it has been customary with a high pixel 
CCD imaging device to read its pixels by the vertical 
thinning scheme in order to reduce the time in the mon- 
itor mode. 

Usually, as the number of pixels of a CCD imaging 
device increases, pixel defects also increase in number 
and appear on a monitor even when the pixels are 
thinned in the vertical direction, as stated earlier. In light 
of this, the illustrative embodiment selects, in the mon- 
itor mode, particular lines to be omitted in the vertical 
direction and thereby draws an image with few pixel de- 
fects on a monitor. 

FIGS. 9A-9E demonstrate a monitoring method . 
available with the imaging device 4, FIG. 1, implement- 
ed by a CCD image sensor having an eight-phase elec- 
trode structure. FIG. 9 A shows a specific picture appear- 
ing on a monitor in the full pixel reading condition and 
consisting of 1 ,280H x 1 ,024V pixels. FIGS. 9B-9E each 
show a particular picture appearing on the monitor in the 
one-fourth pixel reading condition and consisting of 
1.280H x 256V pixels. Specifically, the pictures shown 
in FIGS. 9B-9E appear when only signals output from 
the photodiodes 21 connected to the electrodes V1 , V3, 
V5 and V7 respectively are read out. Dots on each pic- 
ture show specific pixel defects in an exaggerated form. 

Assume that seven pixel defects are present in the 
imaging device 4 at positions shown in FIG. 9A. Then, 
how the pixel defects appear on the monitor screen de- 
pends on the electrodes from which signals are read out 
in the vertical thinning condition, as follows. When the 
electrodes V1 are selected, three pixel defects appear 
on the screen, as shown in FIG. 9B. When the elec- 
trodes V3 are selected, two pixel defects appear on the 
left portion of the screen, as shown in FIG. 9C. When 
the electrodes V5 are selected, two pixel defects appear 
at substantially the center of the screen, as shown in 
FIG. 9D. By contrast, when the electrodes V7 are se- 
lected, none of the pixel defects appears on the screen, 
as shown in FIG. 9E. Therefore, in the monitor mode, a 
picture free from the pixel defects will appear on the 
screen if the electrodes V7 are selected and if the stored 
charge transfer pulses are applied only to the electrodes 
V7. 

It will be seen from the above that a picture with few 
pixel defects is achievable in the monitor mode if partic- 
ular electrodes matching with the positions of pixel de- 
fects of the imaging device 4 are selected in the event 
55 of thinning.. In the illustrative embodiment, the set 
switches 12 shown in FIG. 1 include switches for allow- 
ing the user of the camera to select any one of the elec- 
trodes V1, V3, V5 and V7. It follows that the user can 
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operate the set switches 1 2 in the monitor mode in order 
to designate the electrodes from which signals should 
be read out, thereby monitoring a desired vertically 
thinned picture. 

Specifically, the user of the camera can select par- 
ticular electrodes, i.e., a desirable picture with few pixel 
defects by sequentially operating the set switches 12 
while watching the LC monitors. Alternatively, if address 
data representative of the positions of the pixel defects 
on the imaging device 4 are available, the desirable pic- 
ture can be automatically selected on the basis of the 
address data, as follows. For the automatic selection of 
the desirable picture, it is necessary to see the address- 
es of the pixel defects. A specific procedure for search- 
ing for the addresses of pixel defects in a digital still cam- 
era will be described with reference to FIG. 10. 

Pixel defects particular to a CCD image sensor are 
generally classified into white spots, -black spots, and 
dust, and the searching method depends on the kind of 
pixel defects. The procedure shown in FIG. 10 begins 
with a' step S1 for determining the kind of spots to be 
searched. To search for white spots, the iris or the shut- 
ter of the camera is closed in order to shield light (step 
S2). Then, an exposing time (charge storing time) long 
enough for a sufficient dark cu rrent to be achievable with 
the individual photodiode of the image sensor, e.g., sev- 
eral seconds is set (step S3). 

Subsequently, whether or not the charge storing 
time has expired, i.e., whether or not a charge has been 
stored in the individual photodiode is determined (step 
S4). If the answer of the step S4 is positive (YES), the 
charges of all the photodiodes are read out in the form 
of electric signals (step S5). The electric signals have 
their levels compared with a preselected reference level 
one by one (step S6). If the level of any one of the electric 
signals is higher than the reference level, it is deter- 
mined that a white spot is present at the pixel corre- 
sponding to the electric signal. The address of the white 
spot on the image sensor is written to a preselected stor- 
age (step S7). If the answer of the step S4 is negative 
(NO), the step S4 is repeated. 

On the other hand, to search for black spots or dust, 
the camera is operated to shoot a subject while illumi- 
nating it uniformly such that a quantity of light which is, 
e.g., about 50 % of the saturation level is uniformly in- 
cident to the image sensor. Then, whether or not the 
shooting operation has ended is determined (step S8). 
If the answer of the step S8 is YES, drive pulses are 
applied to the image sensor in order to read out the 
charges of the photodiodes in the form of electric signals 
(step S9). The electric signals have their levels com- 
pared with a preselected reference level assigned to 
black (step S10). 

If any one of the electric signals is lower than the 
reference level, it is determined that a black spot or dust 
is present at the pixel corresponding to the electric sig- 
nal. The address of the black spot or dust on the image 
sensor is also written to the previously mentioned stor- 



age (step S7). By such a procedure, the address of all 
the pixel defects on the image sensor are attained. Of 
course, if the address data of image defects particular 
to a CCD image sensor are available at the time of de- 

5 livery of the image sensor, the above procedure is not 
necessary. In the camera shown in FIG. 1 , the storage 
10 plays the role of the above storage to which the ad- 
dress data of pixel defects are written. 

Reference will be made to FIG. 11 for describing a 

io specific routine in which the camera shown in FIG. 1, 
particularly the system controller 9, selects the elec- 
trodes from which signals should be read out in the mon- 
itor mode. As shown, on receiving an electrode select 
command from the set switches 1 2, the system control- 

15 ler determines whether or not the address data of pixel 
defects have been newly written to the defective ad- 
dress storage 10 or whether or not they have been up- 
dated (step S1 ). If the answer of the step SI is NO, the 
routine simply ends because the selection of electrodes 

20 is not necessary. Usually, the storage of new address 
data of pixel defects is effected on a production line. If 
the answer of the step S1 is YES, the system controller 

9 reads the address of pixel defects out of the storage 

10 (step S2). 

2S Subsequently, the system controller 9 allocates, 
based on the addresses, the above pixel defects to a 
plurality of pictures produced by sequentially switching 
the electrodes while effecting the vertical thinning (step 

53) . For example, assume the full pixel picture of FIG. 
30 9A produced by reading all the pixels and the one-fourth 

pixel pictures of FIGS. 9B-9E produced by sequentially 
switching the electrodes. Then, the pixel defects are in- 
dividually allocated to the four different pictures of FIGS. 
9B-9E to which they belong on the basis of their ad- 
35 dresses. After the step S3, the system controller 9 total- 
izes the allocated pixel defects picture by picture (step 

54) . 

The unpleasantness which the pixel defects give 
the user depends on the positions, levels and other fac- 

40 tors of the pixel defects to appear on the vertically 
thinned picture. Considering this, the system controller 
9 may advantageously weight the pixel defects in ac- 
cordance with the above factors before the picture-by- 
picture totalization. The system controller 9 compares 

45 the number of pixel defects totalized picture by picture, 
then, the system controller 9 selects the electrodes cor- 
responding to one picture having the smallest number 
of pixel defects as electrodes from which signals should 
be read out in the monitor mode (step S5). The system 

so controller 9 writes the name of the electrodes selected 
in a memory built therein. In the monitor mode, the sys- 
tem controller 9 reads the name of the electrodes out of 
its memory and commands the timing generator 15 to 
apply the stored charge transfer pulses to the electrodes 

55 designated by the above name. 

As stated above, the address data of pixel defects 
are stored in the storage 10 and allow the electrodes 
from which signals should be read out by the stored 
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charge transfer pulses in the monitor mode to be auto- 
matically selected. Of course, the user of the camera 
may operate the set switches 12 in order to indicate to 
the system controller desired electrodes from which sig- 
nals should be read out in the monitor mode, as stated 
earlier. In such a case, the system controller 9 will write 
the name of the desired electrodes in its memory, read 
out the name in the monitor mode, and cause the timing 
generator 15 to apply the stored charge transfer pulses 
to the desired electrodes. 

The timing generator 15 generates the stored 
charge transfer pulses to be applied to the electrodes 
designated by the system controller 9. These pulses are 
fed from the timing generator 15 to the imaging device 
4 together with the vertical drive pulses ((Vr^vs v ' a tne 
vertical driver 16. The pulses are applied to the desig- 
nated electrodes of the vertical transfer paths 22. As a 
result, vertically thinned signals are output from the im- 
aging device 4 and fed to the LC monitor 8 via the signal 
processing 5, displaying a picture on the monitor 8. The 
user watching the monitor 8 may again operate the set 
switches 1 2 in order to again switch the electrodes from 
which signals should be read out. 

While the above illustrative embodiment has con- 
centrated on a digital still camera, the present invention 
is similarly applicable to any other kind of image pick-up 
device capable of selecting electrodes for reading sig- 
nals out of a CCD image sensor while thinning them in 
the vertical direction. 

In summary, in accordance with the present inven- 
tion, among a plurality of electrodes of a CCD imaging 
device from which signals can be read out in response 
to stored charge transfer pulses, one electrode or two 
or more electrodes to which the above pulses should be 
applied in a monitor mode for vertical thinning can be 
selected, as desired. This allows particular electrodes 
to be selected in accordance with the pixel defects of 
the imaging device and thereby produces a monitor pic- 
ture having few pixel defects. 

Further, the pixel defects of the imaging device are 
allocated, based on their addresses, to a plurality of dif- 
ferent pictures produced by sequentially switching one 
or two or more electrodes to which the transfer pulses 
should be applied. Then, the pixel defects are totalized 
picture by picture so as to determine one picture in which 
the number of defects is smallest. The electrodes cor- 
responding to the picture having the smallest number of 
pixel defects are selected as electrodes to which the 
transfer pulse should be applied in the monitor mode. It 
follows that a monitor picture with few pixel defects is 
readily achievable even when the addresses of the pixel 
defects are updated. 

While the present invention has been described 
with reference to the illustrative embodiment, it is not to 
be restricted by the embodiment. It is to be appreciated 
that those skilled in the art can change or modify the 
embodiment without departing from the scope of the 
present invention which is defined by the claims. 
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Claims 

1. A monitoring method using a CCD imaging device 
(4) having a multiphase electrode structure having 
a plurality of electrodes from which photoelectrically 
converted charges are output in response to stored 
charge transfer pulses,/ CHARACTERIZED BY 
comprising the steps of: 

selecting one or two or more of the plurality of 
electrodes capable of minimizing a number of 
pixel defects in a picture to be monitored while 
being reduced in a vertical direction; and 
applying the stored charge transfer pulses only 
to the one or the two or more electrodes select- 
ed to thereby output a vertically thinned picture. 

2. A monitoring method using a CCD imaging device 
(4) having a multiphase electrode structure having 
a plurality of electrodes from which photoelectrically 
converted charges are output in response to stored 
charge transfer pulses, CHARACTERIZED BY 
comprising the steps of: 

switching one or two or more of the plurality of 
electrodes to thereby produce a plurality of pic- 
tures; 

allocating, based on addresses of pixel defects 
present on the CCD imaging device (4), the pix- 
el defects to said plurality of pictures; 
totalizing the pixel defects picture by picture to 
thereby determine one picture including a 
smallest number of pixel defects; and 
applying the stored charge transfer pulses to 
one or two or more of the plurality electrodes 
capable of producing said one picture to there- 
by output a vertically thinned picture to be mon- 
itored. 

A method in accordance with claim 2, CHARAC- 
TERIZED BY further comprising the step of weight- 
ing each of the pixel defects allocated to said plu- 
rality of pictures in a preselected manner before to- 
talization. 

A digital still camera including a CCD imaging de- 
vice (4) having a multiphase electrode structure 
having a plurality of electrodes from which photoe- 
lectrically converted charges are output in response 
to stored charge transfer pulses, CHARACTER- 
IZED BY comprising: 

a selecting means for selecting one or two or 
more of the plurality of electrodes to which the 
stored charge transfer pulses should be applied in 
a monitor mode, other electrodes remaining unse- 
lected. 



5. A digital still camera including a CCD imaging de- 
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vice (4) having a multiphase electrode structure 
having a plurality of electrodes from which photoe- 
lectrical^ converted charges are output in response 
to stored charge transfer pulses, CHARACTER- 
IZED BY comprising: 5 

a storing means (10) for storing pixel defects 
present on said CCD imaging device (4) in a 
form of addresses of said CCD imaging device 
beforehand; and 10 
a setting means (9) for switching one or two or 
more of the plurality of electrodes to thereby 
produce a plurality of pictures, allocating the 
pixel defects to said plurality of pictures on the 
basis of the addresses of the pixel defects, to- 
talizing the pixel defects picture by picture to 
thereby determine one picture including a 
smallest number of pixel defects, and applying 
the stored charge transfer pulses to one or two 
or more of the plurality electrodes capable of 20 
producing said one picture to thereby output a 
vertically thinned picture to be monitored. 

6. A digital still camera as claimed in claim 5 further 
comprising: 

a control means (9) for causing, when the ad- 
dresses stored in said storing means (10) are up- 
dated, said setting means (9) to set the electrodes 
to which the stored charge transfer pulses should 
be applied at the time of monitoring. 30 

7. A camera in accordance with claim 5 or 6, CHAR- 
ACTERIZED IN THAT said setting means (9) 
weights each of the pixel defects allocated to said 
plurality of pictures in a preselected manner before 35 
totalization. 
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(54) Monitoring method with a CCD imaging device and digital still camera using the same 



(57) A digital still camera of the present invention al- 
lows the user of the camera to monitor a picture being 
picked up by a CCD (Charge Coupled Device) imaging 
device (4) provided on the camera. In a monitor mode, 
a system controller (9) indicates to a timing generator 
(15) one or two or more of a plurality of electrodes form- 
ing a vertical transfer path in the imaging device (4) and 
from which signals should be read out. In response, the 



timing generator (1 5) feeds stored charge transfer puls- 
es to the designated electrodes together with vertical 
drive pulses via a vertical driver (16). The pixels of the 
imaging device (4) are reduced, or thinned, in the verti- 
cal direction. The resulting reduced picture appears on 
a liquid crystal monitor (8) via a signal processing sec- 
tion (5). The user may operate set switches (1 2) provid- 
ed on the camera in order to select desired electrodes. 
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